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I fhould have fooner anfwered to your very ac- 
ceptable Letter , had not my defign to Difledfc 
ibme Eels more thea once, and alfb to (end a Cut there- 
of with this hindered me. 

I* the mean time I remain 



ill* Sever al Microfcopkal Obfervations and Ex- 
periment s y made by Mr. Stephen Gray. 

HAving not long fince attempted to make fome of 
thefe Microfcopes, which Mr. Butterfielddeteribes 
and inftru&s to make,in the Philofophical Tranfaftions , 
N° 141. P. io%6. of the manner then lately brought 
out of Holland by Mr. Hugens ; but for want of fiich 
a Lamp, as the before named Perfon mentions, I pro- 
ceeded after a (bmewhat different Method. 

Experiment. 1. I took a (mall Particle of Glaft, about 
the bignefs I defigcied my Globule, and laying it on the 
end of a Charcoal, I could,* by the help of a blaft 
Pipe, with the Flame of a Candle, Coon melt it into a 
Spherule, and by this means I could make them indif- 
ferently deer, and the fmalleft very round, and I could 
make them much larger, then by the unaffifted heat of 
the Candle ;_ but thefe latter were attended With an in- 
convenience, they were on that fide that refted on the 
Coal flated^ and received a rough Impreflion from it ; 
nor were they without thofe Improperties (for which, 
or rather) to Remedy which, the ingenious.Perfon above- 
fald, fubftiftuted his (pirituous Lamp, for a Wax or Tal- 
low-Candle, viz. fmall Specks or Opacous Particles 

lodged 



( *8i ) 
lodged wtehin them: To remedy the inconvenience of 
the; former, I was wont to Grind them and Polifli them 
on abrafs Plane, and fo reduce them to Hemifpherules, 
but I found the clear fmall Globules, not to mention 
that they magnifie more, (hewObje&s morediftin&ly. 

Thofe Congrous Properties, known to be in (mall 
Drops of Water, viz. Tranfparency , Refire&ion and 
Spherility, led me to Gonjedure , that they might, if 
aptly Difpofed, be not unfit for Microfcopes, fince they 
have the Requifits above-mentioned , that make the 
Gkfs Globules excellent ones, and accordingly, Experi« 
ence informs me, that tho' the latter are to be preferred, 
yet the Water, upon a neceffity, may be very well 
ufed, as a SucceJaneum to Glafs Microfcopes, which 
I have (bmetimes made Tryal of in manner follow- 
ing* 

Experiment %± I take a thin piece of Brafc, Filing 
it into the Form Fig, 7. A.B. (but this everyone may 
pleafe themfelves in) making a fmall hole at/4. this 
ferves for an Aperture ; then holding it by the other 
end B. I pour a few Drops of Water on the Table, ta- 
king up a fmall Globule thereof with a Pin, which I lay" 
on the hole A. then removing the Pin, the Water wiif 
remain on the Aperture, in form of an Hemifpher, or 
to fpeak with Opticians, a Piano Convex lens. But if I 
have a mind to make a double Convex of Water, I 
thruft the Pin ( w hich mull be lefs then the hole) through 
the hole, "till the Water be entred therein ; then withr 
drawing the Pin Perpendicularly to the plane of the 
Aperture, the Water remains there in form of an Aqua* 
om double Convex lens. Then that which I have a mind 
to fee I take upon a Pin or a piece of Glafs, according 
to the Nature of the Obje&j and taking up this natu- 
ral Microfcope by the end B. I move the Object to and 
fro, till it be in the focus, thereof, arid by this means I 
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c«i fee Objects little kfs 4iftmi3:1y, thm by GM Mi- 
crofcopes, efpedaily by Caod&, which I find much bet- 
ter then Oay-Jight. 

Bxprment 3. Bat £ oJ?ferved f that thofe Irregtdar 
Particle?, .which- were inherent 10 the Globules of Glafs, 
meotioqed io the firft Experiment, were feen diftin&ly 
and prodigiouily magnified, as was eafie to imagine, 
both from their nearnefs to the Eye, and that they did 
not hinder the Globules either by Day or Candle-light, 
from appearing throughout Transparent, being Co m*- 
mite as not to be difoernayfe, except held elofe to the 
Eye, as in time of Ob(efvg^iiQn, and not then neither* 
if too near the light, but at a Competent diftance, 
they appeared as above-faid. I knew not well how at 
that time to account for this ftrange Phenomenon, that 
an Objed fkmid be placed & far within the Focus of a 
Spherule, as to be within the Glafs, and yet feen di* 
fKn&ly to the Eye fo near it j but fince by matter 
<?f fah , I found it was fo , I made this Infe- 
rence, and concluded, that if I conveyed a fmall Glo- 
bple of Water to my Eye, and that there were any 
opacous or lefi tranfparent Particles then the Water 
therein, I might fee them diftindJy. 

Experiment 4. Having by me a fmall Bottle of Wa- 
ter, which I knew to have in it fome of thofe Minute 
Infects, which the defervfedly famous Obfervator Mr, 
Leewenhoek Difcovered, by the help of Excellent 
Microfcopes : Having feen them with the common 
Glafs Microfcopes, and with the firft Aqueous, as above- 
mentioned, I poured a few Drops of this Water on the 
Table, and taking a fmall Portion thereof on a Pin, I 
laid it on the end of a fmall piece of Brafs Wire (there 
lay then by me) of about one tenth of an Inch Di- 
ameter; I continued to lay on two or three Portions 
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of Water, till there was formed fomewhat more then 
an Hemefpherule of Water; then keeping the Wire 
Ere&, I applied it to my Eye, and Handing at a pro* 
per diftanee fcom the light, I ilw them and ibme othe^ 
Irregular Particles, as I had predicted, but moftEoor- 
rtioufly Magnified j for whereas they are fcarce dif- 
cernable by the Glafs Microfcopes, or the firft Aqueous % 
one within the Globule, they appeared not much diffe- 
rent both in their forfri, nor left in Magnitude therr 
ordinary Peas. They carindt well be ken by Day -light, 
except the Room be Darkned, after the manner of the 
famous Dioptrical Experiment, but moft diftin&ly by 
Candle4ight; they may be very well feeq by thfe full 
Moon Light 

The Pin fometimeS takes up the Water round enough 
to fhe w its Obje&s diftinft. 

The fnieds I have as yet this way obferved, are of 
twafottsr Globular and Elliptical j I ftall firft describe 
the former. 

They are of a Globular Form, tjiey are but a Jitsk 
lets Tranfparent then the Water they fwim in; they 
have fometiraes two Dark fpots Diametrically oppofite 5 
but thefib are rarely feen ; there are fometimes tw6 of 
thefei Giobuiw Me<fts ffieking together • where they 
are joyned 'tis opacous, poffibjy they may be in the aft 
of Generation j they have a twofold motion, la f\#ift 
Progreffive Irregular onej and $t the fame time ;a~ Ro- 
tation on their Axes at Right Angles to the Diameter 
that has the dark Spots, but thisr is feen only when 
they move flowfy. They are ahnoft of an incredible 
Minutenefs. Mr* Leewenhoek is moderate; mtiu'glr m 
his Computatioti , when he teffs us ( Phifofbphical 
Tranfa&ioflsy N tf xij. Page 198. ) he Taw Infeds 
in Water, Co finalt, ihat 300QO could rfor more then 
equal ^Gourfe $&*& j btit I Misve it wift feem a Pa- 
radox-. 
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radox to htm, when one that tells him fo, (half at the 
fame time fay, that he can fee them only by applying 
the bare Eye, to a Portion of Water wherein they arc 
contained. 

I have Examined many Tranfparent Fluids, as Water, 
Wine, Brandy, Vinegar, Beer, Spittle, Urine, ©V. and 
doe not remember to have found any of thefe without 
more or lefs of the Bodies of thefe Infe&sj but I have 
not feen any in motion except in common Water, that 
has ftood for fometimes a longer, at others a {horter 
time, as has been obferved by Mr. Lecwenhoek • tho' 
I do not remember he has obferved that they are exi- 
ftent in the Water, before they revive. In the River, 
after the 'Water has been thickned by Rain, there are 
fuch infinite numbers of them, that the Water feems 
in great part to owe its Opacity and Whitenefs to thefe 
Globules. Rain Water, (b foon as it falls has many, and 
Snow Water has more of thefe Globules; The Dew 
that ftands on Glafs- Windows has them ,• and foraf- 
much as Rains and Dews are continually Afcending or 
Defending, I believe we may fay the Air is full of 
them , they feem to be of the fame fpecificfc Gravity 
With the Water they Swim in, the Dead remaining in 
all parts of the Water; of many thoufands that I have 
feen, I could difcern no fenfible difference in their Dia- 
meters, they appearing of equal bignefi in Water that 
has been boy led; they retain their (hapes, and will 
fometimes revive. 

There is another fort of Infe&s I have this way feen, 
but thefe are not fb frequently fat leaft this Winter Sea- 
fon) to be found, they are much longer then the for- 
mer j they can Transform themfelves into many (hapes ; 
they are for the moft part ElipticaJ, but fometimes they 
contra& themfelves fo as to be almoft Globular ; and 
fometimes they extend themfelves fo, as to be twice 

or 
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or three times longer then broad, thefe fometimes turn 
themfelves round on their axes and Diameters as they 
go, they confilt of Tranfparent and Opacous Parts. 

The firft of thefe natural Microfcopes performs its 
effects by the fame Laws, viz. by the Refraction of 
the Rays of Light, as do the Glafs ones, and differs 
from them in nothing but its material Water : But when 
I began to attempt to fatisfie my feif how Objects are 
diftindtly feen in a Spherule of Water j I found it at 
firft: fomewhat difficult to explain, for whereas (Moli- 
neux> S. Rl S. Dioptrka tfova Prop, XXXII.) Objects 
being placed in the Focus of a Convex Glafs (and con- 
fequently of Water) are feen diftindtly to the Eye, on 
the other fide the Glafs, and fo the Reafon of the for- 
mer is obvious enough ; but 'tis as certain (Dhptrka No- 
va, Prop. XLl. Corfered with Prop. XXVI II.) that if 
an Object be placed fo much nigher to the Eye then 
the focus of a Spher, as to be within its Surface, the 
Rays of Light muft come too much Diverging to mew 
the Objects they come from diftindtly. , 

But; at length, that other known Property, if I may 
fo call it, of light falling on different- Mediums coming 
into my thought, viz. Reflection, I found there might 
be a very eafie and natural Reafon given of its Perfor- 
mance, which I ftiall now endeavour to demonftrate, 
upon fuppofition that the inferior Surface of the Spher 

is Reflective. 

Let the Circle in Figure 8. teprefent a Spher of 
Water, ./4 an Object placed in its Focus, (ending forth a 
Cone of Rays, two of which are AB AB which Op- 
ticians know coming into the Water at B and B, will be 
Refracted. from their direct Courfe and become B Dst 
£>, they will, at their palling into the Air, be again 
Refracted into DEDE, and fo run Parallel to one ano- 
ther, and to the axis of theSphear A E C G now 'tis 
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a known and fundamental Principle in Opticks, that the 
Angle of Retraction is equal to the Angle of Incidence; 
wherefore Jet the Rays BD B D be imagined to come 
from feme point of an Objed placed within a Spher of 
Water, by being Refle&ed from the interior Surface of 
the Spher at B B C BD is the Angle of Refle&ion, 
to which making CBE equal, (b will F be the place 
where an Objed: fending forth a Cone of Rays, two of 
which are FB F B t which are Refletted into the Rays 
BD BD, and then coming totheother fide, thcSphear 
at D and D> they are Refraded into D E D E as be- 
fore, and confequently be as fit for diftind Vifion, whe- 
ther the Objeft be placed in F within or in A without 
the Spher, if its interior Surface be confidered as a 
Concave Refleding Speculum. 

That the interior Surface of Glafs, and confequently 
of Water is Refleding, common Experience fliews; 
but whether any Body have before taken Notice, that 
the Air is Specular is to me unknown : But I hava, a 
very few Days fince, as I was endeavouring to improve 
this natural Catadioptrick Mierofcope ftumbled upon an 
Aereal Concave Speculum which I (hall now describe. 

A Darkned Room being fomewhat troublefome to 
make, I thought it proper to try, if this Inconvenience 
might not be remedied ; fo f took a ftiff piece of 
brown Paper, pricking a fmali hole therein, then ap- 
plied the Drop of Water to my Eye, and holding the 
Paper with the hole at a little diftance before me, I could 
fee the Globules therein little lefs diftindly then in a 
Darkned Rome : But before I had removed the Wa- 
ter, there appeared to me a very ftrange and iurpri- 
fmg Appearance ; I few the Needles point together, 
with the Water inverted, I could fcarce at firft believe 
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my Eyes; to Be farther fatisfied, T removed the Water 
a^d found, that whether I held the Needle Perpendicular 
H&rizontal, or inclined to all thefe poftures it was in* 
verj&d, I then made many holes, and in every one I 
faw the inverted Picture of the Needle; the nearer the 
Needles was to the Holes, 'twas fo much the more Mag- 
nified, but lefs diftindfc, if the Needles point were fo 
held, -as that its Image were near the edge of the Hole, 
its point feemed Crooked : So that it teems thefe fmall 
Holes, or fomewhat in them, performs the Effe&s of 
a Concave Spfeculum, and fol take leave to call them 
aereal Speculums ; but how the Rays of Light can 
be Refle&ed, before they come to a Medium of a 
different Denfitie, or how, or by what means the Air 
remains in fmall Holes, in a Concave Spherical Form, 
1 muft leave to the Confideration of the Learned to 
Determine. 
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